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The presence of different blood groups was orig-
inally described as a distinguishing characteristic
of erythrocytes of man (1). It was later demon-
strated that blood group substances A, B, and
H(O) also occur in other human cells, tissues,
and secretions including cells of the epidermis
(2, 3). Subsequently antigens serologically similar
or identical to these blood group substances have
been found to be widely distributed in nature.
In addition to their occurrence in a variety of
animals (3—5) such as the cow, horse, pig, rabbit
and chicken, they have also been demonstrated
in certain bacteria, (6—14) viruses, (14, 15) rick-
ettsia, (16) hclminths, (17) algae (10) and higher
plants (8—10). The significance of these findings
has been challenged in some instances because
of the prc-cxistcnce of blood group active sub-
stances in the culture medium (11, 18, 19).
In the ABO blood group system complementary
antibodies or isohcmagglutinins arc regularly
found in the plasma of normnl human subj ccts
older than three to six months of age (20). The
isohemagglutinins directed against antigens A, B,
or both A and B nre present in the serum of in-
dividuals whose erythrocytcs group as B, A, or
0, respectively. Although blood group antigen H
is present in the erythrocytes of almost all normal
human beings, the amount varies. Bloods of group
O and subgroup A2 react most strongly with anti-H
but weaher reactions arc given by blood of other
groups in the order A2B > B > A1 > A1B. Anti-H
occurs almost exclusively in the serum of indi-
viduals of subgroups A1 and A1B.
The genetic theory comprises one of the two
major hypotheses (5, 21—23) concerning the origin
of the isohemagglutinins. It proposes that these
antibodies arc inherited by linked genes, each
representing a blood group antigen and its comple-
mentary antibody. The other theory attributes
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their formation to stimulation following exposure
to exogenous heterogcnctic cross-reactive an-
tigens, such as those in bacteria particularly.
Several clinical and experimental observations
support this latter concept. The isohemagglutinin
titers of infants whose stools contain Escherichia
coil, but no Lactobaciiius bifidus, have been found
to be significantly higher than the titers in a
similar group of infants whose stools contain L.
bifidus (22). This has been attributed to immuni-
zation of the infants by antigens scrologically
related to human A and B substances which are
present in B. coil, but not in L. bifidus. Normally
anti-human blood group B agglutinins arc present
in the majority of White Leghorn chicks by the
age of 30 days, but none can be demonstrated in
germ free chicks up to the age of 60 days (5). When
such chicks are fed B. coil of strains with B-like
substance, however, they promptly develop high
titers of anti-B agglutinins. Finally, when labora-
tory animals arc immunized with microorganisms
possessing blood group activity, high titers of
anti-A and anti-B hctcroagglutinins arc induced
(9, 10, 12, 15, 22).
It has been hypothesized that the presence of
ABO blood group antigens is significant in de-
termining, in part, the patient's response to in-
fections with various bacteria and viruses (14, 24).
Since H-like substance has been demonstrated in
Pastcureiia pestis and A-like substance in variola
virus, individuals with low amounts or none of
these substances in their erythrocytes may possess
a selective immunologic advantage by moro readily
mobilizing cross-reacting isoagglutinins against
these microorganisms (14). The severe epidemics
of plague and small pox in the past have been
considered important factors in determining the
present variations in the geographical distribu-
tion of ABO groups. This hypothesis has evoked
sharp criticism from others, (19,21) who emphasize
that even the most powerful blood group antigens
of microorganisms represent only a few of the
many serological specificitics which constitute
their entire antigenic mosaic and that these blood
group activities of bacteria and viruses are not
major factors in determining antigcnicity in the
human host. In addition there is no evidence
that the blood group frequencies of the affected
populations were substantially different before
the epidemics than they were directly after. In
vitro studies, however, do suggest that human
scra with high titers of blood group agglutinins
may be instrumental in inhibiting (9) or destroy-
ing (12) blood group active bacteria, but more
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data are needed before the relationship of blood
group substances to resistance to infectious
diseases can definitively be established.
Extracts with enzymatic activity can be pre-
pared from some bacteria (25, 26) and from Tn-
chomonas foetus (27) that decompose in vitro A, B,
and 11 human blood group substances. Some of
these enzymes selectively destroy either A or B
serological reactivity with the subsequent de-
velopment of 11(0) specificity both in water sol-
uble blood group substances and in the blood group
structures on the red cell surface (25). Whether
such interaction of microbial constituents and
erythrocytes occurs in vivo is not known. The ap-
parent loss of blood group A or B antigen from
erythrocytes, however, has been observed in the
course of some patients with leukemia (28, 29).
The occasional acquisition of a blood group
B-like antigen by patients particularly with in-
testinal malignancies has been ascribed to the
adsorption (30) of a bacterial B-like polysac-
charide on to the erythrocytes or to the alteration
(31) of these cells by specific B producing bacterial
enzymes. There is no satisfactory explanation,
however, to account for the preponderance (32)
of group A1 patients in which this has occurred,
as both of the proposed mechanisms can be demon-
strated in vitro with A and 0 cells (31, 33).
It has been estimated that there are over 150,000
different species of fungi (34). Many of these are
frequently encountered in man's immediate en-
vironment and some constitute part of his normal
microbial flora. Diseases caused by fungi vary in
seriousness from mild allergies to progressive
systemic infections that frequently terminate
fatally. Despite the obvious importance of fungi,
few studies have been primarily concerned with
any aspect of their relationships to erythrocytes
in man.
The possible association of fungi with A, B, and
11(0) blood group substances has been mentioned
in a few instances. Yeast extract obtained from
Saccharomyces cerevisiae did not show any blood
group A, B, or 11(0) activity when tested at con-
centrations of 20 mg/ml or less (11). Cross-reactions
(35) between the dermatophytes, and some species
of Actinomyce.s, Nocardia, and iStreptomyces were
detected when culture filtrate antigens of organ-
isms grown in Neopeptone® dextrose broth were
reacted in capillary tube precipitin tests with
sera from rabbits immunized against dermato-
phytes. No such cross-reactions were observed
with antigens prepared from organisms grown in
media not containing Neopeptone®. The anti-
dermatophyte rabbit sera also produced strong
reactions with blood group A substance and group
A erythrocytes. The cross-reactions of the fungi
were attributed to the presence in the culture
filtrate antigens of a common blood group A-like
substance since it is known that this substance
can be prepared from Neopeptone® (36). No re-
action, however, was obtained with uninoculated
Neopeptone® dextrose broth suggesting that A
substance was liberated into the media during
the growth of the fungus (35). In a single study
(26) of blood group decomposing enzymes, no
activity was found in preparations from Aspergil-
lus oryzae, A.spergillus fiavus and Rhizopus dela-
mar.
Blood group specific agglutinins (lectins) have
been extracted from higher plants (37, 38) and
some prepared from Dolichos bifiorus and Ulex
europaeu.s are widely employed for studying hu-
man A and 11 antigens respectively. Extracts from
a few fungi of the class Basidiomycetes, (39, 40)
the mnshrooms, have also been found to aggluti-
nate human erythrocytes. An extract from one of
these, Fomes fomentanius, (41) has specific anti-B
activity and may prove useful as a blood grouping
reagent since A1B and A2B cells can be distin-
guished with it. A soluble basic polysaccharide
obtained from cultures of Aspergillus parasiticus
(42) has been shown to agglutinate non-specifically
human erythrocytes and an extract from A fiavas
(43) agglutinates rabbit erythrocytes. No aggluti-
nation of human erythrocytes was observed in
another study, however, employing extracts ob-
tained from various common fungi (44) including
A. fiavus, A.spergillus niger, Candida albicans and
S. cerevisiae and species of Absidia, Alternania,
Cephalosponium, Chaetomium, Hormodendrum,
Mucor, Fenicillium, Rhizo pus and Rhodotorula.
llemolysins directed against human erythro-
cytes have been demonstrated, in vitro, with ex-
tracts of Aspergillus fumigatus (43) and of Alter-
naria tenuis (45). Extracts with strong hemolytic
activity against erythrocytes of animals have
been obtained from A. fumigatus, (43, 46, 47)
Histoplasma capsulatum, Blastomyces derma-
titidis, C. albicans, and Cryptococcus neoformans(48). A variety of plant seeds (37, 38) and mush-
rooms (39, 40) have also been demonstrated to
possess hemolytic properties for human erythro-
cytes.
The hemagglutination test which is widely
utilized in the diagnosis of many diseases is based
on the in vitro modification of erythrocytes by
the adsorption of various antigens and the sub-
sequent agglutination of these cells following the
addition of specific homologous antisera. Such
tests have been employed in isolated studies with
antigens of A. tenuis, (45) A. niger, (47) B. derma-
titidis, (49) C. albicans, (50) C. neoformans (51)
Coccidioides immitis, (52) and H. capsulatum (53).
Auto-erythrocyte sensitization54 in one patient
was considered to result from the in vivo adsorp-
tion of fungal antigens by erythrocytes following
the clinical exposure of the patient to molds.
Several antibiotics which are derived from
fungi have antigenic properties in common with
human erythrocytes. Chartreusin and angustmy-
cm A, two antibiotics obtained from species of
Streptomyces, have been found to possess blood
group 11(0) activity (55). In addition, some anti-
biotics have been demonstrated to interact with
human erythrocytes. Group 0 erythrocytes
sensitized with penicillin and chloramphenicol
have been employed in hemagglutination tests to
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detect antibodies in the sera of humans to these
antibiotics (56). Of clinical significance is a recent
explanation for the pathogenesis of acquired
hemolytie anemia (57) in one patient. It was
postulated that the therapeutically administered
penicillin coated the erythroeytes and the subse-
quent development of antibodies against the peni-
cillin was instrumental in the agglutination and
hemolysis of these sensitized cells.
The purpose of this report is to record the pre-
liminary findings from experiments designed to
determine possible cross-reactions between com-
monly encountered saprophytic and pathogenic
fungi and human erythroeytes of blood groups
A and B.
MATERIAL5 AND METHODS
Controls
Uniaoculated freshly prepared culture media,
media aged for several months at room tempera-
ture, and media formulated to contain five-fold
and ten-fold concentrations of the solid con-
stituents were re-autoelaved and examined. These
included modified Sabouraud broth (Myeophil
Broth®), Sabouraud dextrose broth, asparagine
synthetic medium (58), dextrose-glutamate me-
dium, (59) and sucrose-dextrose-nitrate medium
(60). The constituents of these media are listed in
Table I. Blood Group Specific Substances A and
B solution® derived from porcine and equine
gastric mucosa was examined before and after
autoclaving. All autoclaving was conducted at
121° C for 15 minutes, at 15 lb/sq in. of pressure.
Buffered physiologic saline with a pH of 7.0 was
prepared by adding 9 gin of NaC1, .19 gm of
NaH2PO4H2O and .88 gm of Na2HPO47H2O to
one liter of distilled water.
Fungi
Twenty-two different species of fungi from the
mycology collection of this laboratory were in-
vestigated. Inocula from actively growing cul-
tures on Sabouraud dextrose agar were trans-
ferred to 250 ml Erlenmeyer flasks containing 100
ml of either Sabouraud dextrose broth, asparagine
synthetic medium, dextrose-glutamate medium,
or in a few instances, sucrose-dextrose-nitrate
medium. The flasks were placed on a rotary action
shaker, incubated at room temperature for various
periods of time until adequate growth was ob-
tained and then autoelaved. The culture filtrates
were separated by centrifugation and stored at
minus 20° C. The fungal mats were washed three
times in buffered saline, dried in an incubator at
37° C for 24 to 48 hours, ground manually to a
TABLE I
Constituents of media
Modified Sabouraud broth
Polypeptone®
Dextrose
Distilled water to
Sabouraud dextrose broth
Baetopeptone®
Dextrose
Distilled water to
Asparagine synthetic medium
1 -Asparagine
Dextrose
Ferrie citrate
Sodium citrate
NH4C1
K2HPO4 3H20
MgSO4 . 7H2O
Glycerine
Distilled water to
10gm
40 gm
1000 ml
10 gui
40 gm
1000 ml
7.0 gm
10.0 gin
0.3 gin
0.9 gin
7.0 gm
1.3 gin
1.5 gin
25.0 gui
1000 ml
Dextrose-glutamate medium
Monosodium glutamate
Dextrose
K2HPO4• 3H2O
MgSO4•7H2O
Distilled water to
Sucrose
Dextrose
MgSO4 •7H2O
KH2PO4
KNO3
Distilled water to
Sabouraud dextrose agar
BaetoPeptone®
Dextrose
BaetoAgar®
Distilled water to
60gm
40gm
1 gm
0.5 gm
1000 ml
7.2 gm
3.6 gui
1.25 gm
13.69 gm
2.0 gui
1000 ml
10 gin
40 gui
20 gui
1000 ml
Sucrose-dextrose-nitrate
medium
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moderately fine powder, and stored at room tem-
perature.
Stock Serum
Peripheral blood was obtained from one healthy
male blood group 0 donor. The serum was sepa-
rated from the clot and stored in aliquots at minus
200 C. A sample was screened for irregular anti-
bodies against 27 blood group antigens using
pooled human group 0 erythrocytes (Hemanti-gen®). Another sample was treated with 2-
mercaptoethanol, (61) a sulfhydryl compound
which inactivates macroglobulins by reducing
them to lower molecular weight fragments as a
result of cleavage of disulfide bonds. For the pur-
pose of determining possible linkage (3) between
anti-A and anti-B or the presence of a common
antibody (21) capable of reacting with both blood
group antigens A and B, samples of serum were
incubated with packed washed A1 erythrocytes,
with B erythrocytes, arid with 0 erythrocytes for
two hours at 370 C and then for 16 to 18 hours at
40 C. Anti-A and anti-B titers in each specimen
were then determined.
Ergthrocytes
Human A1 and B crythrocytes were obtained
obtained from several donors and stored for no
longer than 10 days in modified Alsever's solution
(62). Human 0 erythrocytes from the same donor
from whom the serum was obtained were stored
in a similar manner. The erythrocytes prior to
their usc were washed three times with buffered
saline and reconstituted as a 2 per cent suspension
in buffered saline.
Hemagglutination Inhibition Test Procedure
Solutions of 0.3 ml of uninoculated culture
medium or culture filtrate and 0.3 ml of stock
serum were incubated together for two hours at
370 C and then for 16 to 18 hours at 40 C. Suspen-
sions of 150 mg of the powdered fungus in 2.8 ml
of buffered saline and 0.4 ml of stock serum were
incubated in a similar manner, then centrifuged,
and the supernate transferred to a clean tube.
Two-fold serial dilutions of the solution or the
supemnate were made in buffered saline with
graduated pipettes. Each tube contained 0.1 ml
of the dilution to which was added an equal
volume of a 2 per cent suspension of erythrocytes.
After 30 minutes of standing at room temperature
with occasional shaking, the tubes were centri-
fuged at 1000 rpm for two minutes. The degree of
agglutination was read macroscopically after
gently tapping the tubes (63). The titer recorded
was the reciprocal of the highest final serum dilu-
tion in which a distinct granularity persisted after
inverting the tube. This did take into account
the volume of uninoculatcd medium, culture
filtrate, and saline added to the serum prior to
incubation but did not include the volume of the
erythrocyte suspension. All titrations were per-
formed in duplicate and the titers were found to
be reproducible within a one tube dilution. In
those instances where there was a difference be-
tween the duplicate determinations, the higher
dilution was considered to be the titer. The pres-
ence or absence of hemolysis was also recorded.
Controls utilizing stock serum incubated with
buffered saline were included in every test. Dilu-
tions below 1 to 8 were not examined in some
instances.
Some of the culture filtrates and suspensions
of powdered fungi in buffered saline were found
to have a pH below 6.0. The pH of several of the
preparations was adjusted to 7.0 for the purpose
of determining the effect of acidity. This was
accomplished by adding an appropriate amount of
1 molar NaOH prior to its incubation with the
stock serum.
Agar Gel Diffusion
Double diffusion in agar gel was performed on
lantern slides as previously described (64). Undi-
luted stock serum was tested against culture fil-
trates and extracts of the fungi. The fungi
examined were A. fumigatus, A. niger, Mono-
sporium apiospermuni, Rhizopu.s arrhizus, and
Rhizopus nigricans. Saline extracts were prepared
by first mixing 0.5 gm of the powdered fungus with
1 ml of buffered saline. This mixture was incubated
for three hours at room temperature with con-
stant shaking and then centrifuged to obtain the
supernate for use as an antigen. Alcohol extracts
were prepared by mixing 0.5 gm of the powdered
fungus with 2 ml of 95 per cent ethyl alcohol. This
mixture was incubated for three hours at room
temperature with constant shaking and then
centrifuged. The supernate was evaporated to dry-
ness in an incubator at 370 C and the precipitate
which remained was resuspended in 1 ml of
buffered saline for use as an antigen.
RESULTS
The titer of anti-A and anti-B agglutinins in
the stock serum as determined on numerous oc-
casions both before and after incubation with
buffered saline was 128. No antibodies against
any of the pooled human group 0 erythrocytes
were detected in the stock serum. After treat-
ment with mercaptoethanol the anti-A titer was
reduced to 4 and the anti-B titer to 2. Incubation
of the stock serum with 0 erythrocytes did not
alter the anti-A or the anti-B titers. Incubation
with A1 cells reduced the anti-A titer to 2 and
incubation with B cells reduced the anti-B titer
to less than 2. The anti-B titer in the former
instance and the anti-A titer in the latter were
both reduced to 64.
Autoclaving the Blood Group Specific Sub-
stances A and B Solution® did not affect its
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efficacy in reducing both the anti-A and anti-B
titers of the stock serum to less than 4.
Fresh preparations, five-fold concentrations,
and ten-fold concentrations of modified Sabou-
raud broth were all found to reduce the anti-A
titer of the stock serum to 4. Aged broth reduced
the anti-A titer to 8. No changes in anti-B titer
were produced. This medium was not utilized
for culturing any of the fungi examined in the
study.
No blood group activity was detected in any
of the uninoculated culture media that were used.
These included freshly prepared Sabouraud dex-
trose broth, asparagine synthetic medium, dex-
trose-glutamate medium, and sucrose-dextrose-
nitrate medium. Aged asparagine synthetic
medium was also devoid of blood group activity.
Aged Sabouraud dextrose broth, however, de-
creased the anti-A titer to 64 and the five-fold
and ten-fold concentrations of fresh preparations
of this medium both decreased the titer to 16.
There were no alterations in the anti-B titers.
Filtrates and powdered preparations from cul-
tures of 14 different species of fungi did not pos-
sess any blood group activity. The pH values of
the culture filtrates obtained from B. dermatitidis,
C. neoformans, and Sporotrichum schenclcii grown
in Sabouraud dextrose broth and Penicillium
violaceum and Pullularia pullulans in asparagine
synthetic medium were between 3.1 to 3.7
whereas that of the cultue filtrate from C. im-
mitis grown in dextrose-glutamate medium was
8.5. Changes of titers of one double-dilution tube
were not considered to be significant. These fungi,
the media in which they were cultured and the
periods of incubation are presented in Table II.
Micros porurn gypseum and Fusarium monili-
forme possessed blood group A activity when they
were cultured in Sabouraud dextrose broth, but
not when cultured in other media. Powdered prep-
arations obtained from M. gypseum and F. monili-
forme cultured for three and 10 days respectively,
each reduced the anti-A titer to 32. The anti-B
titer remained at 128 in both instances. No blood
group activity was found in the filtrates. Blood
group activity could not be detected in cultures
of M. gypseum grown in asparagine synthetic
medium for three days and in dextrose-glutamate
medium for 18 days and in cultures of F. monili-
forme grown in the former medium for 14 days
and the latter for 40 days. Studies with M. gyp-
seum were performed after adjustment of the
TABLE II
Fungi whose culture filtrates and powdered
preparations did not possess blood group
activity
Culture Media and
Days of Incubation
Sabou-
raud Aspar-agine
Dextrose-
glutamate
Blastomyces dermatitidis
Candida albicans
Candida tropicalis
Coccidioides immitis
Cryptococcus neoformans
Geotrichurn candidum
Histo plasma capsulatum
Hormodendrum
compact urn
Nocardia asteroides
Penicillium violaceum
Pullularia pullulans
Sporotrichum schenckii
Trichophyton terrestre
Trichosporon capitatum
18, 60
3
60
23
60
14
NE
80
14*
14
3
23
NE
9
35
9
90
23
NE
14
NE
80
14
14
3
60
14
30
60
9
90
23
60
14
80
80
14*
14
40
80
NE
9
pH to 7.0 and those with F. moniliforme before
any adjustment.
A decrease in the anti-B titer to 32 and the
anti-A titer to 64 was produced by the powdered
preparation of Scopulariopsis brevicaulis which
had been cultured for 14 days in Sabouraud dex-
trose broth. This test was performed after adjust-
ment of the pH to 7.0. No blood group activity,
however, was found in the filtrate from this cul-
ture or in the powdered preparation obtained
from the organism cultured for 30 days in the
same medium. Filtrates and powdered fungi pre-
pared from cultures incubated for 14 days in as-
paragine synthetic medium or in dextrose-gluta-
mate medium also lacked blood group activity.
Some of the fungi were examined after incuba-
tion for several different periods of time. These
included A. fumigatus, A. niger, M. apiospermurn,
R. arrhizus, and R. nigricans. The results are re-
corded in Tables III to VII.
None of the culture filtrates demonstrated
blood group activity, but three of them produced
hemolysis. These were filtrates from A. niger,
R. arrhizus, and R. nigricans each cultured in
Sabouraud dextrose medium. The original pH
* Culture filtrate not examined.
NE—Not examined.
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of each filtrate was 1.8, 3.0, and 3.0, respectively.
After adjustment of the pH of these filtrates to
7.0, however, no hemolytic activity remained.
Preparations of powdered A. fumigatus which
had been cultured in four different media were
found to possess blood group A activity (Table
III).
The powdered preparation obtained from A.
niger which had been cultured for seven days in
dextrose-glutamate medium reduced the anti-A
titer to 32 and the anti-B titer to 64 (Table IV)
Inhibition was not observed after adjustment of
the pH to 7.0. Other powdered preparations of
this fungus produced no reduction of titers even
when pH of the culture filtrate was lower.
Three powdered preparations of M. apios per-
mum cultured in Sabouraud dextrose broth re-
duced the anti-A titer and two reduced the anti-B
titer (Table V). Adjustment of the pH, in one
instance, did not alter the findings.
One powdered preparation of R. arrhizus cul-
tured in Sabouraud dextrose broth reduced anti-A
and anti-B titers both before and after adjust-
ment of the pH (Table VI).
A preparation of 1?. nigricans cultured in Sa-
bouraud dextrose broth produced hemolysis of
both A1 and B erythrocytes at titer 8 with no
TABLE III
Results of isohemagglutination inhibition studies
with Aspergillus fumigatus
Sabouraud dextrose 9 128 128 a 4.4
10 32 128 a 5.2
21b 128 128 NE 4.8
Asparagine synthetic 9 32 128 a 5.8
10
21b
128
128
128
128
a
NE
7.0
5.9
Dextrose-glutamate 9 8 128 a 5.6
10 128 128 a 6.0
Sucrose-dextrose- 9 8 64 a 5.5
Control (Buffered 128 128
saline)
TABLE IV
Results of isohemagglutinatiort inhibition studies
with Aspergillus niger
Powdered
PreparationsTiter
Anti-A Anti-B
128 64
128 64
128 128
128 128
128 128
32 64
128 128
128 128
Control (Buffered
saline)
128 128
a—No hemolytic or blood group activity.
b—pH adjusted to 7.0 before testing.
c—Hemolysis of both A and B erythrocytes at
titers to 8. No agglutination in higher dilutions.
NE—Not examined.
TABLE V
Results of isohemagglutination studies
with Monosporium apiospermum
Medium
Days
of
Incu-
bation
Powdered
PreparationsTiter
Anti-A Anti-B
Culture
Filtrates
pll
Sabouraud dextrose
Asparagine synthetic
Dextrose-glutamate
Sucrose-dextrose-
nitrate
14
28
28b
42b
14
28b
42b
9
28b
9
0
8
8
32
128
NE
64
128
NE
128
16
8
8
64
64
NE
64
128
NE
128
a
a
a
NE
a
a
NE
NE
a
NE
4.8
5.5
5.7
3.3
6.2
5.5
Control (Buffered
saline)
128 128
————
a—No hemolytic or blood group activity.
b—PH adjusted to 7.0 before testing.
NE—Not examined.
Culture
Filtrates
pH
1.8
Medium
Sabouraud dextrose
Asparagine synthetic
Dextrose-glutamate
Days
of
Incu-
bation
7
7b
21b
7b
14
7
7b
14
C
a
NE
NE
a
NE
NE
a
1.8
3.5
4.6
4.5
3.5
Medium
Days
of
Incu-
bation
Powdered
PreparationsTiter
Anti-A Anti-B
Culture
Filtrates
PH
a—No hemolytic or blood group activity.
b—pH adjusted to 7.0 before testing.
NE—Not examined.
RELATIONSHIP OF FUNGI TO BLOOD GROUP ANTIGENS 65
Medium
Days
of
Incu-
bation
Powdered
PreparationsTiter
Anti-AAnti-B
Culture
Filitrates
pH
Sabouraud dextrose
Asparagine synthetic
Dextrose-glutamate
Sucrose-dextrose-
nitrate
21b
28
28b1
0
21b
28b
28b
9
d
8 32
8 8
128e 128e
128e 128e
128 128
128 128
128 128
NE
c
a
a
NE
a
a
a
3.0
4.0
5.0
5.9
5.5
Control (Buffered
saline)
128 128
a—No hemolytic or blood group activity.
b—pH adjusted to 7.0 before testing.
c—Hemolysis of both A and B erythrocytes at
titers to 8. No agglutination in higher dilutions.
d—Hemolysis of A, B and 0 erythrocytes in
titers to 64. No agglutination in higher dilutions.
e—Hemolysis of A, B and 0 erythrocytes at
titer 8.
NE—Not examined.
agglutination at higher dilutions (Table VII).
After adjustment of the pH, hemolysis remained
at this dilution, but in addition there was agglu-
tination of A cells to a titer of 16 and B cells to
32. Inhibition of the anti-A titer, but not of the
anti-B titer was also observed with powdered prep-
arations from this fungus cultured in asparagine
synthetic medium.
Hemolysis of A, B, and 0 erythrocytes occurred
even after pH adjustment, with preparations of
R. arrhizus and R. nigricans cultured in Sabou-
raud dextrose broth and in asparagine synthetic
medium.
No precipitins were detected by agar gel diffu-
sion in the stock serum when it was tested against
the culture filtrates, saline extracts, and alcohol
extracts prepared from A. fumigatus, A. niger,
ill. apiospermum, R. arrhizus and R. nigricans
which had been cultured for three weeks in Sa-
bouraud dextrose broth and in asparagine syn-
thetic medium.
TABLE VII
Results of isohemagglutirtation inhibition studies
with Rhiz opus nigricans
Medium
Days
of
Incu-
bation
Powdered
Preparations
Titer
Culture
Filtrates
Anti-AAnti-B pH
Sabouraud dextrose
Asparagine synthetic
Dextrose-glutamate
10
lOb
21b
3
14
21b
14
c
16e 32e
64e 64e
128 128
32 128
32d 64d
64 128
c
a
NE
NE
a
NE
a
3.0
2.8
4.9
4.7
3.0
4.6
Control (Buffered
saline)
128 128
a—No hemolytie or blood group activity.
b—pH adjusted to 7.0 before testing.
c—Hemolysis of both A and B erythrocytes at
titers to 8. No agglutination in higher dilutions.
d—Hemolysis of A, B, and 0 erythrocytes at
titers to 16.
e—Hemolysis of A and B erythrocytes at
titer 8.
NE—Not examined.
DISCUSSION
The data presented suggest that fungi may
possess blood group activity. Inhibition of the
agglutinin titer from 128 in the stock serum-
buffered saline control by three or more double
dilution tubes to 16 or less was considered as
significant and a two-tube decrease in titer to
32 as a change of probable significance. Inhibition
of the titer by one tube to 64 was not considered
significant. Using this criterion blood group A
activity was demonstrated in powdered prepara-
tions derived from A. fumigatus, A. niger, F.
moniliforme, M. gypseum, M. apiospermum and
R. nigricans. Blood group B activity was demon-
strated in powdered preparations of S. brevicaulis
and blood group A and B activity in powdered
preparations of M. apiospermum, R. arrhizus, and
R. nigricarts. The powdered preparations derived
from the remaining fourteen fungi and the culture
filtrates from all of the fungi possessed no blood
group activity. The demonstration, however, of
the blood group activity of these preparations
can not be interpreted as indicating that this ac-
TABLE VI
Results of isohemagglutination inhibition studies
with Rhizopus arrhizus
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tivity is a property of the fungus per se unless
the effects of the culture media, pH, and other
physical-chemical factors arc first excluded.
The presence of blood group A specific sub-
stances in commercially prepared peptones has
been known for over 30 years (3, 36, 65, 66).
Peptones are prepared by the partial or complete
digestion or autolysis of animal proteins and
products obtained from different supply houses
may vary greatly in their content of blood group
substance. The serological activity of group A
substance derived from Neopeptone® has been
found to be greater than that from Bacto-Pep-
tone® (67). Modified Sabouraud broth containing
Polypeptone®, in the current investigation, was
demonstrated also to be more active in this re-
spect than Sabouraud dextrose broth containing
BaetoPeptone®. Sabouraud dextrose broth was
selected as one of the media for the purpose of
determining how frequently group A substance
could be produced by various fungi. Utilizing
this medium, powdered preparations from 7 ol
20 fungi exhibited group A activity. The possibil-
ity could not be excluded that a proteolytic en-
zyme common to these seven fungi may have
been responsible for the further degradation ol
the peptone and exposure of the immunoehemi-
eally specific blood group active site. The inclu-
sion of peptone in media may account for some
of the cross-reactions between various fungi and
this explanation has been proposed (66, 67) as
the reason for cross-reactions observed between
different strains of group C streptococci cultured
on media containing peptone. No reactions, how-
ever, were observed in gel diffusion tests between
the stock serum and various extracts and filtrates
of certain fungi, some of which did exhibit blood
group A and B activity in the hemagglutination
inhibition tests. Finally, the fungistatic activity
of some human sera may be attributed in part
to the isohemagglutinins which are directed to-
ward blood group substances in or on the fungus
derived from the peptone in the media in which
the organism was cultured.
Blood group activity has been found in some
species of algae (10) but little attention has been
directed at the agar-agar in media as a possible
source of apparent cross-reactions. This product
is prepared commercially from several species of
algae belonging to the class, Rhodophyceae, (68)
none of which has been evaluated to date for
blood group activity. Preeipitin reactions, (69,
70) possibly non-specific, have been observed
between agar decomposed by bacteria or hydro-
lyzed by acid and sera from rabbits and horses.
More detailed studies are necessary before the
agar can entirely be excluded as a possible source
of cross-reactions.
There is some evidence to suggest that the
titer of hemagglutinins may be affected by ex-
tremes of pH (37, 71). The pH was not adjusted
in the studies involving A. fumigatus, A. niger
and F. moniliforme in which inhibition was ob-
served. The inhibition produced by the powdered
fungus prepared from A. niger probably can be
attributed in part to a low pH as after adjust-
ment of the pH to 7.0, the inhibitory effect was
no longer observed. In other instances, however,
when the pH was even lower, inhibition did not
occur.
An increase in salt concentration of the test
system has been shown in some instances to alter
the isohemagglutinin titer and at a sodium chlo-
ride concentration of approximately 4 per cent,
agglutination may be completely inhibited (37,
72). As the concentration of sodium chloride is
increased beyond this value, the titer rises again
(37). In this study the upper limit of electrolyte
concentration of the suspension of powdered fun-
gus, buffered saline, and serum was not deter-
mined but it is unlikely that such high concen-
trations \vere present.
The use of erythroeytes obtained from several
donors introduced a variable but this probably
did not significantly alter the results. The only
blood group antibodies detected in the stock
serum were anti-A and anti-B. The titer of the
stock serum using the available erythrocytes was
always checked prior to and with each set of
tests. When inhibition was observed, at least five
other culture filtrates or powdered fungi prepara-
tions were examined concomitantly with the same
erythrocytes and found not to exhibit any blood
group activity, in each instance.
The findings obtained from using serum from
a group 0 donor as the source of both anti-A
and anti-B antibodies may not correlate with
those obtained from using serum with anti-A
antibodies and another with anti-B antibodies.
The absorption of serum from a group 0 donor
with A cells may reduce the titer for B cells and
absorption with B cells may reduce the titer for
A cells (3, 21). Absorption experiments in this
study, however, have excluded this factor. In
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one instance anti-A agglutinins in sera from B
persons and anti-B agglutinins in sera from A
persons were not reduced in their respective titers
by absorption with Salmonella poona, but anti-A
and anti-B agglutinins from 0 persons were par-
tially removed (10). The antibodies in the stock
serum were sensitive to mercaptoethanol, a disul-
fide bond reducing agent and presumably could
be categorized as B2 macroglobulins with an
ultracentrifuge sedimentation rate of approxi-
mately 195 (61, 73). Recently, however, evidence
has been presented that some isohemagglutinins
that can be inactivated with mereaptoethanol
have sedimentation rates in the range of 9 to
155 and may be related to the B2A class of im-
munoglobulins (73).
Several other mechanisms must be considered
as possible causes of inhibition of hemagglutina-
tion. The isoagglutinins may have been destroyed
by a process analogous to the action of mereapto-
ethanol. This would most logically be applicable
only in those instances where both anti-A and
anti-B titers were reduced. Another possibility
is the decomposition of the blood group specific
activity by group decomposing enzymes (25—27).
This is unlikely since autoclaving inaetivates such
enzymes. Blood group active substances, how-
ever, are known to resist autoclaving (3, 5) and
this was confirmed for the experimental conditions
maintained in the study. Procedures involving
boiling have been employed in the preparation
of extracts of plants and bacteria to be tested
for the presence of blood group-like substances
(8, 11). Purified preparations of Taxus cuspidala
twigs, for instance, retained their full group 0
activity after prolonged autoelaving but purified
preparations of Persea americana seeds lost about
90 per cent of their potency within the first 30
minutes of autoelaving (8). There is also the pos-
sibility that antibody was fixed on the cell but
the physical status of the cell surface had been
changed so that the sensitized cells no longer
clumped (74).
The failure of precipitin lines to develop in gel
diffusion tests employing the stock serum and
some of the extracts and filtrates may be the
result of the relative lack of sensitivity of this
test compared to the hemagglutination inhibition
test rather than an indication of the absence of
an antigen-antibody reaction (75).
The observation that two species of the same
genus such as A. fumigatus and A. niger differ
in their blood group activity is not surprising
since strains of the same species of some bacteria
also show wide variation (11). Further studies of
both purified and crude preparations are essential
to define more thoroughly those characteristics
which impart to fungi apparent blood group ac-
tivity. Quantitative assays can be performed by
modifying the hemagglutination inhibition test
procedure. Other technics such as immunization
of rabbits with fungi and determination of
changes in anti-A and anti-B titers, mixed agglu-
tination tests utilizing fungi and erythroeytes,
and fluorescent antibody procedures should be
utilized. In addition fungi have not been ex-
amined to date for the presence of group 11(0)
activity.
Inhibition tests employing erythroeytes and
their agglutinins have proved useful in the eluci-
dation of the essential chemical structures respon-
sible for immunologic specificity (13, 23, 27, 55).
The structural units primarily associated with
the distinctive serological properties of A, B, and
H substances have been found to be carbohydrate
portions with terminal groups as N-aeetylgalaetos-
amine, ID-galactose, and L-fueose, respectively.
An extension of this hemagglutination teOhnie
has been its use in predicting portions of chemical
structures of plants and bacteria. Significant
blood group activity has not been observed in
bacteria in which the monosaccharide responsible
for the major part of the activity in human blood
group substances was missing (11). The presence
of a monosaccharide related to blood group speci-
ficity in a bacterium, however, did not always
indicate the expression of the blood group activity
suggesting that the sequence of linkage at the
terminal part of the molecule also may be impor-
tant (11, 25). There is a limitation to the useful-
ness of this technic when a heterologous reagent
is employed since certain plant polysaceharides
which do not contain fucose have been found to
inhibit eel anti-H (0) serum (55). Hemagglutina-
tion inhibition tests, however, may still prove
valuable in the study of the chemical structures
of fungi particularly in view of the finding of
polysaceharides in the cell walls of certain fungi
similar to those in the blood group substances
(76, 77).
The hemolysis produced by powdered prepara-
tions of R. arrhizus and 1?. nigricans was a finding
that was not anticipated since the hemolytic ac-
tivity that has been demonstrated in fungi (39,
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43, 46, 48) and bacteria (78) is generally beat
labile. It would be expected that any hemolysin
produced by a fungus would be destroyed by the
autoclaving procedure employed in this study.
A hemolysin has been extracted from cells of
Pseudomonas aeruginosa, (78) however, that does
not lose its activity after boiling for 90 minutes.
The importance of pH was clearly demonstrated
by the apparent presence of a hemolysin in cul-
ture filtrates of A. niger, ft. arrhizus, and ft. nigri-
cans and its subsequent disappearance after ad-
justment of the pH to 7.0. Both low pH and
hypotonieity were excluded as causes of hemolysis
in the tests of powdered fungi preparations. Spe-
cific participation by blood group agglutinins is
unlikely since homologous group 0 erythrocytes
were also lysed. Erythrocytes suspended in solu-
tions of sodium chloride as concentrated as 15
per cent show no definite signs of damage but
hemolysis quickly occurs when the cells are placed
in a 30 per cent solution (37). It is doubtful that
this degree of hypertonieity was present. An ex-
tract of ft. nigri.cans (46) has been found to be
non-hemolytie when tested against sheep red
blood cells. Further investigations are necessary
to clarify the nature of the hemolysin produced
by the preparations of ft. arrhizus and ft. nigri-
cans. This may have practical clinical importance,
since species of Rhizo pus are the most common
etiologie agents of phycomyeosis (79).
Blood group activity is not limited to any spe-
cific class of fungi. ft. arrhizus and ft. nigricans
are members of the class Phycomycetes, M. gyp-
scum and M. apiospermum belong to the class
Aseomycetes and A. fumigates, F. moniliforme
and 8. brevicaulis are usually classified as Fungi
Imperfeeti. None of these fungi is predominantly
a systemic pathogen although two of them, ft.
arrhizus (79) and A. fumigates (80) are currently
recognized as increasingly important etiologie
agents of diseases complicating progressively in-
capacitating or terminal illnesses of man. The
role of blood group activity in fungi in relation
to resistance or susceptibility to mycotic infec-
tions and also to their importance in stimulating
the production of isohemagglutinins requires
more detailed study.
SUMMARY
1. Culture filtrates and powdered preparations
from 22 different species of fungi cultured on
Sabouraud dextrose broth, asparagine synthetic
medium, dextrose-glutamate medium, and su-
crose-dextrose-nitrate medium were examined
for the presence of blood group A and B activity
utilizing a hemagglutination inhibition test pro-
cedure.
2. None of the uninoculated culture media
contained any blood group activity. Five-fold
and ten-fold concentrations of Sabouraud dex-
trose broth, however, possessed blood group A
activity.
3. [Jnconcentrated modified Sabouraud broth
(Mycophil broth®) which was not employed for
culturing any of the fungi examined also exhibited
blood group A activity. The active component
was presumed to be contained in the peptone.
4. Blood group A activity was found in F.
moniliforme, 111. gypseum and M. apiz'spermum
only when these fungi were cultured in Sabouraud
dextrose broth.
5. Blood group A activity was also found in
A. fumigates and ft. nigricans when these fungi
were cultured in media not containing peptone.
6. Blood group B activity was found in 8.
brevicaulis cultured in Sabouraud dextrose broth.
7. Blood group A and B activity was found in
M. apiospermum, ft. arrhizus and ft. nigricans
when these fungi were cultured in Sabouraud
dextrose broth.
8. Fourteen fungi exhibited no blood group
activity regardless of the media employed.
9. The apparent blood group activity in one
preparation of A. niger was not reproducible after
adjustment of the pH of the test system.
10. Preparations of ft. arrhizus and ft. nigricans
contained heat stable hemolysins for human
erythrocytes.
11. Attention is directed to the possible rela-
tionship of blood group activity in fungi to the
pathophysiology of mycotic infections and the
production of isohemagglutinins.
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